To distinguish carcinoma, either adenocarcinoma (ADC) or squamous cell carcinoma (SCC), and malignant mesothelioma (MM) in effusion can be a diagnostic challenge based on morphology alone. This study evaluates the utility of WT-1, p63, MOC31, mesothelin, and cytokeratin (K903 and CK5/6) immunostains in effusions when ADC and SCC of the lung are in the differential diagnosis with MM. A cohort of 43 effusions consisting of lung ADC (N ¼ 10), SCC (N ¼ 15), and MM (N ¼ 18, mostly (16) pleural based), was subjected to immunostains using the above mentioned antibodies. WT-1 was positive in 100% MM, 0% ADC, and 0% SCC cases while p63 was positive in 0% MM, 30% ADC, and 80% SCC cases. Stain for MOC31 was positive in 100% ADC, 67% SCC, and 35% MM cases. Similarly, mesothelin antibody stained 100% ADC, 60% SCC, and 47% MM cases. Antibodies for K903 and CK5/6 stained 100% SCC cases but fewer ADC cases (40 and 10%, respectively). In conclusion, in this cohort of mostly pleural malignant effusion, MM can be identified with positive staining for WT-1 and negative staining for p63. Conversely, negative staining with WT-1 and positive staining for p63 exclude MM. Used as part of an immunostain panel, cytokeratin markers (CK5/6 and K903) are useful in differentiating SCC from ADC when MM is already excluded, and MOC31 might have limited value in differentiating ADC from MM. A negative stain with MOC31 can exclude lung ADC. Mesothelin, on the other hand, is not useful in the differential diagnosis of ADC, SCC, and MM. Diagn. Cytopathol. 2008;36:20-25. ' 2007 Wiley-Liss, Inc.
It is difficult to distinguish poorly differentiated carcinoma of lung, either adenocarcinoma (ADC) or squamous cell carcinoma (SCC), from malignant mesothelioma (MM) based on morphology alone in pleural effusion. After a diagnosis of malignancy is initially made in effusions, further classification of ADC, SCC, or MM is needed to help identify the primary tumor and to determine therapy approaches. In daily pathology practice, immunocytochemical stains (ICC) play a vital role in aiding differential diagnoses. The most widely used immunopanel in surgical and cytology specimens includes calretinin, CEA, BerEP4, CD15 (LeuM1), and cytokeratins. [1] [2] [3] [4] However, lack of high specificity and sensitivity of these markers prompted an on going search of better markers.
Newer markers including WT-1, p63, MOC31, and mesothelin have been described and some have gained acceptance to be used in practice. Wilms' tumor susceptibility gene (WT-1) expression is mostly restricted to mesenchymally derived tissues. 5, 6 Antibody raised against this gene product shows strong nuclear stain in mesothelioma cell lines and in mesothelioma, but not in non-mesothelioma tumors involving the lung, including non-small cell carcinomas examined. 6, 7 Others, however, did not find WT-1 as a specific marker for mesothelioma, especially in autopsy specimens. 8 Another antibody that has been described recently is an antibody against p63, a p53-related gene product, which has been shown to be specific for SCC and is con-sidered one of the best markers to be used in a panel when the differential diagnosis is between SCC and MM. 9 Similarly, MOC31 and mesothelin have been tested for their utility in the differential diagnosis of MM and shown to be useful in separating lung SCC from MM. 10, 11 MOC-31 is a monoclonal antibody that recognizes a transmembrane glycoprotein often expressed in epithelial tumors. Mesothelin is also a glycoprotein that its membrane bound form has been found expressed in mesothelial cells 12 and a commercially available antibody (5B2) has been applied to paraffin embedded clinical samples. 10, 11, 13 One recent publication showed MOC31's utility in separating ADC from reactive mesothelial cells in pleural effusions (MOC-31 was found to be 95% sensitive and 100% specific for ADC).
14 A more comprehensive analysis of multiple markers in 30 MM and 30 SCC for their utility demonstrated that 100% of the MM were positive for calretinin and mesothelin, 93% each for WT1 and keratin 5/6, 7% each for p63, and MOC-31, and 0% for B72.3, CEA, leu-M1, and TTF-1. 9 In this study, 100% of the SCC was positive for p63 and keratin 5/6, 97% for MOC-31, 77% for CEA, 40% for calretinin, 30% for leu-M1, 27% for mesothelin, and 0% for WT 1 and TTF-1. 9 This study recommended using a combination of two positive mesothelioma markers (WT1 and calretinin or mesothelin) with two negative mesothelioma markers (p63 and MOC-31) to differentiate between epithelioid mesotheliomas and SCC of the lung. 9 In contrast, a recent study found that although anti-mesothelin antibody stained mesothelioma and benign mesothelial cells more frequently than ADC with statistical significance; however, mesothelin was not a good marker for mesothelioma with a sensitivity and specificity of 73% and 55%, respectively, in comparison to calretinin with a sensitivity and specificity of 95% and 86%, respectively. 13 Others further demonstrated that cytokeratins, especially CK5/6, were among the markers showing utility in differentiating MM from other epithelial neoplasms. 15, 16 A recent article systematically analyzed published data from 88 papers in order to establish the sensitivity and specificity of 15 commonly used antibodies in distinguishing mesothelioma from lung ADC. 2 This analysis concluded that MOC-31 and BG8 were the most sensitive antibodies for identifying pulmonary ADC (both with 93% sensitivity) while monoclonal CEA and TTF-1 were the most specific (97% and 100% specificity). In their analysis, CK5/6 and HBME-1 were the most sensitive antibodies for epithelioid mesothelioma (83% and 85%) and the most specific antibodies were CK5/6 (85%) and WT-1 (96%). 2 However, it seems not uncommon to have different results from different studies although a few mesothelial markers, carcinoma markers, and other miscellaneous markers were considered most useful in differentiating epithelioid MM from carcinomas. 17 Those studies were mostly performed on surgical specimens. It is known that different types of specimen preparations influence immunochemical reaction and consequently the utility of immunostains. In addition, the tumor cells in body effusions may have changed protein expression profile because of the different molecular signaling in the environment. [18] [19] [20] Thus, it is necessary to perform a validation study in order to extend the use of tumor markers to cytopathology. Furthermore, to our knowledge, a direct comparison of reactivity for WT-1, p63, mesothelin, and MOC31 antibodies in effusion to differentiate ADC, SCC, and MM has not been performed. Recently, we have explored the role of a panel of 6 antibodies, including antibodies for calretinin, cytokeratins, in distinguishing lung ADC and SCC, and MM in effusions. 21 The purpose of the current study was to extend our previous analysis and to evaluate whether WT-1, p63, MOC31, mesothelin, and cytokeratin (CK5/6 and K903) have a utility in the diagnosis of malignant effusions when ADC, SCC, and MM are in the differential diagnosis.
Materials and Methods
We identified a cohort of malignant effusions consisting of ADC (10 cases), SCC (15 cases), and MM (18 cases) in our institution with IRB approval. All the carcinoma cases were confirmed by surgical biopsy or resection with lung as the primary site. MM diagnoses were based on morphological criteria, supporting immunohistochemical stains, mostly also with follow up surgical diagnosis, and clinical follow up information and electron microscopy examination in some cases. Paraffin cell blocks of effusions were retrieved from department archives and 4-lm thick sections were cut on charged slides and submitted for immunostaining procedures following the manufacturer's suggested condition with optimization for each individual antibody. Immunostains using antibodies for WT-1, p63, mesothelin, and MOC31 were performed on all cases in this cohort, and in addition, all ADC, SCC and a few MM cases were also stained with antibodies against cytokeratin (CK5/6 and CK903). The detailed information of antibodies, antigen retrieval, and conditions for each antibody's detection methods was listed on Table I. The immunocytochemical stains were performed on the DAKO Auto-stainer at room temperature with final DAB chromogen reaction for 5 min. Nuclear stains by WT-1 and p63 antibody were considered positive while membranous/cytoplasm stain with MOC31, mesothelin, and cytokeratin (K903 and CK5/6) were considered positive. The final score on each case was recorded as either negative (<10% of the tumor cells positive) or positive (>10% of the tumor cells positive) staining similar to our previous study. 21 All scores were obtained blindly and independently from all participating cytopathologists and scoring differences were resolved before a consensus score was given to any case.
Statistical analysis was performed using a two-sided v 2 test and a P value of less than 0.05 was considered significant.
Results
A cohort of 43 malignant effusions consisting of ADC (10 cases), SCC (15 cases), and MM (18 cases) were included for the study. The mean ages for the three groups were 72, 72, and 64 years for ADC, SCC, and MM groups, respectively. There was a male predominance among the three groups of patients: ADC (all male, 10), SCC (13 male and 2 female), and MM (13 male and 5 female). All of the ADC (10/10) and SCC (14/15) had lung as the primary site confirmed with biopsy or resection while most of the MM were pleural based (16/18) .
The antibody against p63 stained 80% SCC, 30% ADC, but 0% MM cases (Table II) . Most of the SCC had intense nuclear stain (Fig. C-1, top row, middle column) , while most of the ADC were negative (Fig. C-1 , top row, right column) with only a few cases having tumor cells stained with weak to moderate intensity, and no tumor cells in MM stained with this antibody (Fig. C-1, top  row, left column) . The difference between MM and SCC was very dramatic (0% vs. 80%) while the difference between MM and ADC, or ADC and SCC was also statistically significant (Table II) . Antibody against WT-1 reacted to 100% MM with intense nuclear stain but did not stain any of the ADC or SCC, although scattered background reactive/benign mesothelial cells were marked with this antibody (Table II , Fig. C-1, second row) .
MOC31 and antibody against mesothelin displayed a similar trend in staining ADC, SCC. and MM cases with a predominant membranous stain pattern (Fig. C-1 , third and forth row). MOC31 stained 100% ADC, 67% SCC, but only 35% MM cases (Table II) . The positive reactions to this antibody between the following pairs, ADC versus SCC (100% vs. 67%, P ¼ 0.013) and SCC versus MM (67% vs. 35%, P ¼ 0.056), although different, had too much overlap for this antibody to be useful for differential diagnosis. There might be a utility of this antibody in differentiating ADC from MM (100% vs. 35%, P < 0.00001). Similarly, antibody against mesothelin also stained 100% ADC, but only 60% SCC and 47% MM cases (ADC vs. SCC, P ¼ 0.0056, ADC vs. MM, P ¼ 0.0007, SCC vs. MM, P ¼ 0.46, Table II ). As the above tested antibodies did not show much value in discriminating between ADC and SCC, antibodies for cytokeratins (K903 and CK5/6, Fig. C-1 , bottom two rows) were included to stain ADC and SCC cases in order to separate the two groups. The results showed that the SCC cases were all positive for CK5/6 (100%) with a cytoplasmic stain pattern (Fig. C-1 ) and ADC cases were rarely positive (10%), significantly different by statistical analysis (Table II) . The stain for K903 was positive in all the SCC (100%) with a cytoplasmic stain pattern, but was also positive in almost half of the ADC (40%) cases (Table II) . MM also stained positive for those two cytokeratin stains in the limited number of cases we tested in this cohort (Fig. C-1 , first column, last two rows). 
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Discussion
In this report, we tested the utility of a panel of immunostains including WT-1, p63, MOC31, mesothelin, and cytokeratins (K903 and CK5/6) in malignant effusions (mostly pleural) consisting of ADC, SCC, and MM. We showed that WT-1 was most useful in differentiating MM from either SCC or ADC of lung origin. MM cases were 100% positive for WT-1 while none of the ADC or SCC was positive. The sensitivity and specificity were both 100%. We demonstrated that WT-1 has comparable, if not higher, specificity and sensitivity for mesothelial cells in cytological specimens, mainly pleural effusions, to that of the most frequently used positive mesothelial marker, calretinin.
21
Although the number of cases in our cohort was small, our results did confirm WT-1's utility in effusions as a positive mesothelial marker, which had been demonstrated in biopsy specimens. 2, 9 Like calretinin, it does not differentiate MM from benign/reactive mesothelial cells, thus has no utility in such a setting. Another cautionary note is that ADC and SCC cases in our cohort are of lung origin from predominantly male patients, thus breast and ovarian carcinoma are not in the differential diagnosis and the conclusion does not apply to them, as it has been shown that WT-1 is positive in serous carcinoma of ovarian surface origin. 22 Antibody against p63 stained a significant percentage of SCC cases, a much lower percentage of ADC, and none of the MM. Our result supports the utility of p63 in pleural effusions as a marker in distinguishing lung SCC from MM. Using WT-1 and p63 stains, most of the time, we could reliably separate MM (positive for WT-1 and negative for p63) from lung SCC and ADC in malignant pleural effusions. This finding was similar to what others had reported in pleural biopsies of epithelioid MM and lung SCC. 9 although in our cohort the percentage of p63 positive SCC was slightly lower.
On the other hand, our results that MOC31 stained 100% of ADC, 67% of SCC, and 35% of MM made it not a very useful marker, although used as part of a panel of markers it might be helpful in distinguishing ADC from MM. In our study, MOC31 stained small but significant numbers of MM cases, somewhat different from others' findings which showed MOC31 as a positive marker for ADC or SCC (with 95-97% sensitivity and 93-100% specificity) and a negative marker for MM (7% positive). 9, 14 By the same token, our anti-mesothelin stain pattern of 100% positive for ADC, 60% for SCC, and 47% for MM was in sharp contrast to some published results which showed positive stain in all MM (100%) and much lower positive stain for lung ADC (40%) and SCC (27%) but slightly higher percentage of non-pulmonary ADC (50%). 9, 11, 23 However, some of the recent publications demonstrated that mesothelin was not a very specific or sensitive marker for meosthelioma (one study has a sensitivity of 73% and specificity of 55% 13 ), although in those studies mesothelioma was stained with a much higher percentage than ADC. 9, 13, 24 One Japanese group analysing 90 epithelioid MM and 51 lung ADC showed similar positive stain by mesothelin antibody in MM (77%) and ADC (69%), which further suggest mesothelin might not be a good marker for mesothelioma at all. 24 Our results suggest that MOC31 and mesothelin stains are not very useful in pleural effusions for our differential diagnosis, even though the differences among the three groups are statistically significant. Explanations for MOC31 and mesothelin stain difference between ours and that of the others could be many, including but not limited to: different specimen fixation conditions of surgical and cytological samples, different antigen retrieval methods, and different primary and secondary antibody or detection conditions. The mesothelin antibody we used is the same as others have used. 13 The pre-treatment for antigen retrieval and dilution of primary antibody were similar, but we used a different detection system (DAKO vs. Ventana). 13 In addition, we had ADC of lung primary while it was more diverse groups of adenocarcinoma in others' cohort. 13 Furthermore, different definitions of a positive, e.g. different percentage of positive tumor cells stained to be scored as positive or in some studies only membrane stain, while in others, as was in our case, either membranous and cytoplasm stain of mesothelin were considered positive, may contribute to inconsistency in positive rates. We don't have a plausible explanation for the discrepancy observed on anti-mesothelin stain, except it strongly suggests that it is prudent to have each antibody validated for its performance in the individual laboratory before universal application.
In our cohort, in order to differentiate ADC from SCC, cytokeratin stains (K903 and CK5/6) were necessary as all of the SCC were positive for those two-antibody stains, while fewer cases of ADC were positive for them. Another stain, TTF1, demonstrated by other's published data and also in our experience, can help separating lung ADC from SCC. 25 It is worth mentioning that MM also stained positive for those two cytokeratin stains in the limited number of cases we tested in this cohort (data not shown) and in our previously published work. 21 Therefore, the utility of K903 and CK5/6 in separating ADC from SCC is valid only when MM has been ruled out.
In conclusion, MM can be separated from either SCC or ADC by its WT-1 positive and p63 negative stains when differential diagnoses of malignant effusions involving lung carcinoma (either ADC or SCC) and MM. p63 is more likely to be positive in SCC than ADC, but cytokeratin, especially CK5/6 is a better marker in separating SCC from ADC when MM has been ruled out. MOC31 might have limited value in differentiating ADC from MM in conjunction with other markers, but it is not useful in differentiating between SCC and ADC or MM and
